Single- and double-strand DNA breakage and repair in human lung adenocarcinoma cells exposed to etoposide and teniposide.
The anticancer agents 4'-demethylepipodophyllotoxin-4-(4,6-O-ethylidene-beta-D-glucopyra noside (etoposide) (VP16-213) and 4'-demethylepipodophyllotoxin-4-(4,6-O-thenylidene-beta-D-gl ucopyranoside (teniposide) (VM26) produce cytotoxicity by inhibiting type II topoisomerase, resulting in an accumulation of DNA breaks. By using alkaline elution techniques to assess in vivo DNA break frequencies, we have been able to follow formation and repair of both single- and double-strand DNA breaks induced by the exposure of A549 human lung adenocarcinoma cells to VP16-213 and VM26. Single-strand DNA breaks are detectable in cells within 2 min of drug exposure, increase in frequency to a maximum after as little as 15 min of exposure, and remain near maximum levels. Double-strand breaks accumulate more slowly, reaching a maximum after 1 to 2 h, and remaining constant thereafter upon continuous exposure to drug. Single-strand DNA breaks predominate at early incubation times and low drug concentrations, whereas the ratios between single- and double-strand DNA breaks decrease at higher drug concentrations. Changing to drug-free medium after 1-h drug exposure results in rapid exponential repair of both single- and double-strand DNA breaks with a time required for repair of one-half of the DNA breaks of 20 to 60 min. VM26 and VP16-213 have similar kinetics for DNA break formation and repair and similar relationships between DNA breakage and cytotoxicity, but VM26 is five to ten times more potent than VP16-213. Results indicate that DNA breakage plateaus may reflect a steady state equilibrium established between the drug and its nuclear target, possibly type II topoisomerase, and demonstrate unique properties of VP16-213- and VM26-induced DNA breakage.